ABSTRACT. I review theoretical expectations for the probable appearance of galaxies during their formation phase, placing particular emphasis on the uncertainties in these ideas. Recent models suggest that formation may occur relatively recently, but that young galaxies are less spectacular than previously supposed. They may be analogous to recently discovered high redshift radio galaxies, and indeed they may have been observed directly in faint galaxy counts. I summarise several other lines of evidence which suggest that galaxy formation may have been a recent process. Finally I give preliminary results from a detailed analytic study of the observable properties of young galaxies in a Cold Dark Matter universe. Predictions are given for faint galaxy counts and redshift distributions, and for the galaxy luminosity function.
Introduction
The discovery of galaxies in the process of forming has long been a major goal of extragalactic astronomy. Such objects are expected to be at high redshift, and so very faint. Indeed, detection only seems possible because of the assumption that rapid star form"tion will produce high UV luminosities. Our ideas of how galaxies form are still very uncertain. Twenty years of active research in this area have alerted us to a wide range of possible formation paths; it is not clear that we would recognise a forming galaxy if we saw it. Even the concept of galaxy formation is open to a variety of definitions. For example, we could identify it with the birth of the first members of the observed stellar population; we could characterise it by the time when half this population had formed; or we could claim a galaxy had formed when its material achieved its present quasi-equilibrium configuration. These definitions can give very different formation epochs; even the ordering can vary from theory to theory. Thus in a hierarchical clustering theory some stars may form very early while the bulk of them form recently. On the other hand, many models assume star formation to occur in a rapid burst during collapse. H ellipticals are merger products, they may have been assembled long after their stars formed, whereas if they condensed from a cooling flow the opposite ranking could apply. The material of spiral disks may have been in place before a large fraction of it was converted into stars.
For the purposes of this talk I'll adopt the definition that a forming galaxy is a system seen during its most rapid period of star formation. With conventional assumptions this is the time when the object has its highest luminosity, and it is likely to conespond to the epoch when most of the stars were made. Notice, however, that my definition does not require the protogalactic mat~rial to have been assembled into a single unit. Moreover, with this definition many observed Sd-m and In galaxies count as forming systems (see Kennicutt 1988) .
One obvious way to predict the observational properties of forming galaxies is to look for analogues where similar physical processes are at work. This approach is hampered by the existence of several analogues with very different characteristics. Some of the high redshift objects associated with radio sources may qualify as forming galaxies (see Spinrad, this volume, for a review). They have high inferred star formation rates, a blue continuum, and an irregular morphology. On the other hand, their structure correlates with radio maps and they seem to contain a substantial old population (McCarthy, Lilly, this volume) . Their optical properties may therefore be atypical and they may not fulfil my definition. They suggest an optimistic assessment of the visibility of forming galaxies since their very large Ly-a equivalent widths would be relatively easy to detect in more distant or intrinsically fainter systems. This contrasts with extragalactic Hll regions, nearby but small objects undergoing their first burst of significant star formation, which have relatively small Ly-a equivalent widths (Hartmann et al. 1984) . The largest star formation rates in nearby systems occur in starburst galaxies (e.g. Rieke et al. 1985) ; however, in these objects almost all the luminosity is processed by dust and emerges in the infrared where it would be undetectable in a high redshift system. Finally, star formation rates sufficient to build a very large galaxy are alleged to occur in cluster cooling flows, and yet the observational signature of this formation is hard to detect (Fabian dol. 1984 ). Perhaps we are unable to recognise a massive forming galaxy even when it is in our own backyard.
The first detailed models for the appearance of primeval galaxies were those of Partridge and Peebles (1967) . Following the ideas of Eggen et al. (1962) , these authors assumed that all the stars in a massive galaxy formed in a rapid burst at about the time of maximum expansion of the protogalactic cloud. Rapid formation led to a very bright object; near dissipationless collapse required a small maximum expansion radius and so a high redshift of collapse (z~20).
The further assumption that stellar light is unaffected by dust then led to the conclusion that primeval galaxies should be diffuse objects with their surface brightness peaking strongly in the near infrared. They would not be observable unless the model substantially overestimated the formation redshift, since very little emission is expected beyond the Lyman limit. An influential set of galaxy formation models by Larson (1974a) suggested that dissipational effects could indeed prolong the time required for galaxy formation. This reduced the predicted luminosity of forming galaxies but brought them to lower redshift so that detectable fluxes were predicted at optical wavelengths. The observational appearance of Larson's models was worked out by Meier (1976) . Because stars are formed at the radii where they are currently observed, primeval galaxies are predicted to be quite compact. They are also expected to be quite blue as a result of their low formation redshift.
To get detailed predictions Meier synthesised the spectrum of the Larson models assuming a Salpeter IMF. He found the emission longward of the Lyman limit to be approximately 2.6 10 27 erg/siRs, independent of frequency, for a star formation rate of one solar mass per year. This result is very convenient from a theoretical point of view (see, for example, Cowie 1988). Fig. 1 shows how well it holds up when a spectral synthesis is carried out using the much more extensive stellar libraries now available. The predictions are indeed roughly flat over the 100o-S000 A range for a wide variety of burst ages. However, it is worth noting that the mean level of the spectrum is quite sensitive to the IMF assumed. Thus if the Salpeter IMF is replaced by that of Miller and Scalo (1979) the mean level of emission increases by almost a factor of S, whereas Scalo's (1986) IMF gives spectra only slightly above those plotted in the figure. The dependence of spectral shape on the IMF is smaller than this but is still significant.
Since the work of Meier, theorists have concentrated on the relation of galaxy formation to the overall growth of structure in the Universe. A variety of alternative pictures have emerged, most of which are strongly conditioned by the growing acceptance of the existence of large amounts of unseen dark matter. Baron and White (1987) surveyed these pictures and tried to assess their implications for the detectability of forming galaxies. There seem to be no predictions common to all theories. While it is likely that galactic disks were both assembled and turned into
